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Abstract - For neuroprosthetic use of afferent activity, 
model results and experimental recordings of action 
potentials (ap's) made with Tungsten micro electrodes in 
rat peronedsural nerve are presented and compared. 
The model shows that the normal shape can be as well 
biphasic as triphasic, depending on extraneural 
conductivity. In the experiments, five classes of ap shapes 
are observed, of which two are seen in the model too; 
part of the other shapes may be tentatively ascribed to 
propagation-block or propagation-start phenomena. 
INTRODUCTION 
Forward stimulation of muscle by intraneural electrodes 
would evolve into local closed loop control of muscle force if 
supplemented by feedback information, recorded from 
(small groups of) afferent fibers. However, it is not well- 
known whether infroduction of micro-metal electrodes in 
nerve is allowed for recording. Propagation may be blocked 
[l, 21 or, unintentionally, ap's may be evoked or distorted by 
fiber membrane irritation. Also, there is no agreement on the 
'normal' shape of ap's: some authors regard the triphasic + - 
+ shape as normal [3, 41 (some call this shape single- 
negative), others the biphasic + - shape [2]. 
Blocking, starting, external-medium-conductivity and 
recording distance may all influence ap-shape and 
amplitude. The latter two are studied by modeling and then 
compared to ap's, recorded in peroneal and sural rat nerve. 
MODEL RESULTS 
An algorithm was developed [5 ,  6,] for the calculation of 
(monopolarly recorded), normally propagated, extracellular 
ap's of an active myelinated nerve fibre inside a rat peroneal 
nerve fibre bundle. The effect of varying the extraneural 
conductivity (from better than Ringer's conductivity to 
isolation) around the nerve was calculated. 
Results are presented in figure 1 and 2, respectively. 
The fibre signals calculated for extraneural conductivities of 
10 and 0.1 C2-lm-l are predominantly biphasic. Their 
amplitudes decrease with the radial distance between fibre 
and electrode but also with the longitudinal distance between 
the e1,xtrode and the nearest node of Ranvier. 
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Figure 1. The action potentials of a central nerve fiber (recorded 
monop0larly)as calculated for various values of the extraneural conductivity. 
Positions a to d are radially moving away from a node of Ranvier (25,50, 100 
and 250 um). Results for positions along the fiber, moving away from a node of 
Ranvier ( 50,100,200 and 500 um) are comparable to a-d. 
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Figure 2. The signal of a central nerve fibre for a monopolar intrafascicular 
electrode at position 125 pm radially &om the center. The nerve is surrounded 
by isolating parts, cuffs with lengths of m, 20,10, and 4 mm. Opposite ends of 
the cuff are extemally shunted. Axially, the electrode lies in the center of the 
cuff. The whole system is embedded in a homogeneous conductive medium 
In case of a low extraneural conductivity of 0.001 S2-lm-l 
the fibre signals not only have increased in amplitude but 
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also become triphasic. The reason is that the field due to the 
current of the nearest node no longer dominates. Each active 
node generates a homogeneous field across the entire bundle 
and therefore contributes to the signals measured at any 
place within. 
Monopolarly recorded fibre signals, calculated for a long 
cuff are triphasic. For shorter cuffs the number of phases 
decreases until the signal is predominantly biphasic, like in 
figure 1, top rows. 
RECORDINGS WITH TUNGSTEN MICRO 
ELECTRODES 
Tungsten microneurography (tip diameter 10 jm) needle 
electrodes recorded extracellular ap's from rat peroneal and 
sural nerve, monopolarly, The electrode sigrdwas filtered 
between 300 Hz and 5000 or 10000 Hz; the average noise 
level was 4 pV nns. Several fibres were contacted in one 
track by pulsatile forwarding the electrode into the nerve, 
while at the same time passively stretching the tibiaVEDL 
muscles, or pinching the toes (evoking reflex volleys). Also, 
some spontaneous activity was recorded. 
Figure 3. Five exampfes of recorded ap's, one out of each of five classes (see 
text and table 1). 
Figure 3 shows five typical examples, one of each class of ap 
wave shapes; they are taken from one experiment, one 
animal, in which a total number of 54 ap's were recorded. 
The shape classes are: triphasic (- + -, 26%), biphasic (+ -, 
26% and - +, 20%) and monophasic ( + , 15% and - , 13%). 
Table 1. RECORDED ACTION POTENTL4LS 
Means and (sample standard deviations) 
Ap-shape Amplitude ( p v  Width (nts) 
Phases 1,2,3 
Triphasic P h l  Ph2 Ph3 
-/-I-/- 17.5 26 8.85 3.34 
(7.3) (4.2) (1.96) (0.61) 
- / +  16.6 20.6 1.9 
(5.1) (3.44) (0.46) 
Monophasic Ph 1 
i- 18.6 0.66 
(5.9) (0.46) 
56.4 0.44 
(0.44) (0.04) 
CONCLUDING COMPARISON OF RECORDED AND 
CALCULATED POTENTIALS 
The extraneural conductivity may vary between well 
conducting and almost isolating (the exposed nerve is lying 
on a support and is kept moist by water-saturated 390 C air). 
Comparison of figs. 3,2 and 1 leads to the conclusions: 
- both biphasic + - and triphasic + - + ap's are seen in the 
model, depending on extemal medium conductivity 
- the experimental threephasic type - + - and the biphasic 
type - + are not predicted by the model, as well as the 
monophasic + type and the monophasic - type. The last 
type may however be explained when first and third phase 
are hidden in the noise. The biphasic type - + may be caused 
by starting ,of a, normally triphasic, ap at the electrode site, 
due to nerve fiber irritation. The biphasic + - type may , 
analogously, be due to stopping (blocking) of a propagated 
triphasic ap at the electrode site. - amplitudes lie in the predicted range of biphasic and 
triphasic shapes. 
- ap-widths of all five types of recorded shapes are larger 
than every corresponding calculated shape by a factor of 
about 2 to 10. This may be due to superposition of almost- 
synchronized activity of a number of fibers. A minor part of 
the broadening may be caused by the experimental filtering. 
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